CO 
(O 
00 

o 

Q. 
HI 



(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 866 110 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

23.09.1998 Bulletin 1998/39 

(21) Application number: 98301986.0 

(22) Dateof filing: 17.03.1998 



(51) intci.6: C09K 11/06, H05B 33/14, 
G03G 5/06, C07C 21 1/54 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

Designated Extension States: 
AL LT LV lUK RO SI 

(30) Priority: 17.03.1997 JP 62568/97 

(71) Applicant: TOYO INK IWANU FACT U RING CO., 
LTD. 

Tokyo (JP) 

(72) Inventors: 

• Onikubo, Toshikazu 
3-13, KyobashI 2-chome, Ciiuo-ku, Tokyo (JP) 



• Tamano, MIchiko 

3-13, KyobashI 2-chome, Chuo-ku, Tokyo (JP) 

• Okutsu, SatoshI 

3-13, KyobashI 2-chome, Chuo-ku, Tokyo (JP) 

• Enokida, Toshio 

3-13, Kyobashi 2-chome, Chuo-ku, Tokyo (JP) 

(74) Representative: Woods, Geoffrey Corlett 
J.A. KEMP & CO. 
14 South Square 
Gray's Inn 

London WC1 R 5LX (GB) 



(54) Light-emitting material for organo-electroluminescence device and organic 
electroluminescence device 

(57) A light-emitting material which serves to ennit light having a high brightness and is almost free of deterioration 
in. light emission, and an organic EL device for which the light-emitting material is adapted, the material having the 
formula (1) 



< 

o 



N- 

pi7 pjie 



R^R^ 
f R^ 



•N 
\ 



Ar^ R? R^^ 




BEST AVAILABLE COPY 



EP 0 866 110 A1 



R^ 



R2 R^ ^( 



Ai^ R^° R^ 



111 



N— A— N 



R« R^ 
R" R^« 



R 



15 Rl4 
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Further, according to the present invention, there is provided a light-emitting material of the formula [4] for an 
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Detailed Description of the Invention 

In the compounds of the formulae [1], [4] and [5] in the present invention, A is a substituted or non-substituted 
divalent aronnatic group, a substituted or non-substituted divalent fused aronnatic group, a substituted or non-substituted 

6 divalent hetero-aromatic group, a substituted or non -substituted divalent fused hetero-aronnatic group or a divalent 
group in which 2 to 1 0 identical or different groups out of the above groups are bonded to each other directly or through 
an oxygen atom, a nitrogen atom, a sulfur atom, or a linear or nonnaromatic structural unit containing a hetero-atom. 
Those sites of A which bond to nitrogen atoms have a ring structure each. 

Specific examples of A include substituted or non-substituted divalent aromatic or fused aromatic group residues 

10 of benzene, toluene, xylene; ethylbenzene, naphthalene, anthracene (excluding a case where 9- and 10-positions 
thereof bond), phenanthrene. fluorene, pyrene, chrysene, naphthacene, perylene, azulene, fluorenone, anthraquinone, 
dibenzosuberenone and tetracyanoquinodimethane, and divalent hetero-aromatic or fused-hetero-aromatic residues 
of furan, thiophene, pyrole, pyridine, pyrone, oxazole, pyrazine, oxadiazole, triazole, thiadiazole, indole, quinoline, 
isoquinoline, carbazole, acridine, thioxanthone, coumarin, acridone, diphenylenesulfone, quinoxaline, benzothiazole, 

IS phenazine, phenanthroline, phenothiazine, quinacrldone, flavanthrone and indanthrone. Further, A includes divalent 
residues having a structure in which at least 2 identical or different ring-structural units bond, such as divalent residues 
of biphenyl, terphenyl. binaphthyl, bifluorenylidene, bipyridine, biquinoline, flavone, phenyltriazine, bisbenzothiazole, 
bithiophene, phenylbenzotriazole. phenylbenzimidazole, phenylacridine, bis(benzooxazolyl)thiophene, bis(phenyloxa- 
zolyl)benzene, biphenylphenyloxadiazole, diphenylbenzoquinone, diphenylisobenzofuran, diphenylpyridine, stilbene, 

20 dibenzyl, diphenylmethane, bis(phenylisopropyl)benzene, diphenylfluorene, diphenylhexafluoropropane, dibenzyl 
naphthyl ketone, dibenzylidenecyclohexanone, distyiylnaphthalene. (phenylethyl)benzylnaphthalene, diphenyl ether, 
methyldiphenylamine, benzophenone, phenylbenzoate, diphenyl urea, diphenyl sulfide, diphenyl sulfone, diphenoxy- 
biphenyl, bis(phenoxyphenyl) sulfone, bis(phenoxyphenyl)propane. diphenoxybenzene, ethylene glycol diphenyl ether, 
neopentyl glycol diphenyl ether, dipicolylamine and dipyridylamine. 

25 Table 1 shovys specific examples of chemical structure of A In the light-emitting material of the present invention, 

although A shall not be limited thereto. 
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Table 1 (continued) 
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Table 1 (contlnuea) 



Divalent 
group 


Chonical struoturo (-A-) 


(A'-103) 




(A-104) 




(A-105) 




(A-10B) 




CA-107) 


o 


(A-108) 





13 



EP 0 866 110 A1 



Tablo 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Ch«nical structure (-A-) 1 
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,n the compound o, the formula [1] in the present ir,ver,tion. each of A. to Ar^ is lndepender.tly a substituted 
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Table 2 
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Chemical structure 


Mono- 
valent 


Chemical structure 


(B-1) 




(B-7) 




(D-2) 


-o-l-o 

o 


(B-8) 




(B-3) 




(B-9) 




CB-4) 




(B-10) 




<B-6) 




(B-11) 




(B-6) 




(B-12) 





21 



EP 0 866 110 A1 



Table 2 (continued) 
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valent 1 
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rtranical structure j 
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Table 3 



compound 


Chemical structure 
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Table 3 (continued) 



compound 


Chemical structure 1 
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Table 3 (continued) 
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Chemical structure _1 
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Table 3 (continued) 



compound 


Chemical structure 
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Table 3 (continued) 
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Table 3 (continued) 



compound 


Chemical structure 
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Table 3 (continued) 



compound i 



Chemical structure 
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Table 3 (continued) 



compound 


Chemical structure 
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Table 3 (continued) 



compound 



Chemical structure 
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Table 3 (continued) 
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Table 3 (continued) 



compound | 


Chemical structure 1 
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The light-emitting material of the present invention (compounds of the present invention) is a compound having 
intense fluorescence in a solid state, and is excellent in electric-field-applied light emission characteristic. Further, the 
light-emitting material of the present invention is excellent in the characteristic of injection of holes from a metal electrode 
and the property of transportation of holes, and it is also excellent in the characteristics of injection of electrons from 

s a metal electrode and the property of transportation of electrons. It can be therefore effectively used as a light-emitting 
material, and further, it can be used in combination with other hole-transporting material, an electron-transporting ma- 
terial or a dopant without any problem. 

An organic EL device is a device having a structure in which a mono- or multi-layered organic thin layer is formed 
between an anode and a cathode. In a mono-layered device, a light -emitting layer is formed between the anode and 

10 the cathode. The light-emitting layer contains a light-emitting material, and in addition thereto, it may contain a hole- 
injecting material for transporting holes injected from the anode to the light-emitting material, or an electron-injecting 
material for transporting electrons injected from the cathode to the light-emitting material. The light-emitting material 
of the present invention has a remarkably high light emission quantum efficiency, high capability of transporting holes 
and high capability of transporting electrons and can form a uniform thin film. The light-emitting layer can be therefore 

IS formed of the light-emitting material of the present invention alone. A multi-layered organic EL device has one of 
taminated-layer structures, for example, of (anode/hole-injecting zone/light-emitting layer/cathode), (anode/light-emit- 
ting layer/electron-injecting layer/zone) and (anode/hole-injecting zone/light-emitting layer/electron-injecting zone/ 
cathode). The light-emitting material of the present invention (compounds of the present Invention) can be used in a 
light-emitting layer due to its characteristic of high light emission, property of injecting holes, capability of transporting 

20 holes and property of injecting electrons and capability of transporting electrons. 

In addition to the material of the present invention, the light-emitting layer may contain a known light-emitting 
material, a known dopant, a known hole-injecting material or a known electron-injecting material as required. In the 
organic EL device, a decrease in the brightness and life caused by quenching can be prevented by forming it as a 
multi-layered structure. The light-emitting material, a dopant, a hole-injecting material and an electron-injecting material 

25 may be used in combination as required. Further, a dopant can improve the light emission brightness and the light 
emission efficiency, and can attain the red or blue light emission. Further, each of the hole-injecting zone, the light- 
emitting layer and the electron-injecting zone may have the layer structure of at least two layers. In the hole-injecting 
zone In this case, a layer to which holes are injected from an electrode is called "hole-injecting layer", and a layer which 
receives holes from the hole-injecting layer and transport the holes to a light-emitting layer is called "hole-transporting 

30 layer". In the electron-Injecting zone, a layer to which electrons are injected from an electrode is called "electron- 
injecting layer", and a layer which receives electrons from the electron -injecting layer and transports the electrons to 
a light-emitting layer is called "electron-transporting layer". These layers are selected and used depending upon factors 
such as the energy level and heat resistance of materials and adhesion to an organic layer or metal electrode. 

The light-emitting material or the dopant which may be used in the light-emitting layer together with the light- 

3S emitting material of the present invention includes anthracene, naphthalene, phenanthrene, pyrene. tetracene, cor- 
onene, chrysene, fluorescein, perylene, phthaloperylene, naphthaloperylene, perinone, phthaoperinone, naphtha- 
. loperinone, diphenylbutadiene, tetraphenylbutadiene, coumarine, oxadiazole, aldazine. bisbenzoxazoline, bisstyryl, 
pyrazine. cyclopentadiene, quinoline metal complex, aminoquinoline metal complex, benzoqulnoline metal complex, 
imine, diphenylethylene, vinyl anthracene, diaminocarbazole, pyran, thiopyran, polymethine, merocyanine, an imida- 

40 zole-chelated oxynoid compound, quinacridone, rubrene. and fluorescent dyestuffs for a dyestuff laser or for brighten- 
ing, although the above material shall not be limited to these. 

The light-emitting material of the present invention and the above compound that can be used in a light-emitting 
layer may be used in any mixing ratio for forming a light-emitting layer. That is, the light-emitting material of the present 
invention may be a main component for forming a light-emitting layer, and it may be a doping material in other main 

45 material, depending upon a combination of the above compound with the light -emitting materia! of the present invention. 

The hole-injecting material is selected from compounds which are capable of transporting holes, are capable of 
receiving holes from the anode, have an excellent effect of injecting holes to a light-emitting layer or a light-emitting 
material, prevent the movement of excitons generated in a light-emitting layer to an electron-injecting zone or an elec- 
tron-Injecting material and have the excellent capability of forming a thin film. Specific examples of the above hole- 

50 injecting material include a phthalocyanine derivative, a naphthalocyanine derivative, a porphyrin derivative, oxazole, 
oxadiazole, triazole, Imidazole, Imidazolone, imidazolthlone, pyrazoline, pyrazolone, tetrahydroimidazole. oxazole, ox- 
adiazole, h yd razone, acylhydrazone, polyarylalkane, stilbene, butadiene, benzidine type triphenylamine, styrylamine 
type triphenylamine. diamine type triphenylamine, derivatives of these, and polymer materials such as polyvinylcarba- 
zole, polysilane and an electroconducting polymer. However, the hole-transporting material shall not be limited to the 

55 above materials. 

In the organic EL device of the present invention, the hole-Injecting material which is more effective is an aromatic 
tertiary amine derivative or a phthalocyanine derivative. Although not specially limited, specific examples of the tertiary 
amine derivative include triphenylamine, tritolylamine, tolyldiphenylamine, N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1-bi- 
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10 



IS 



such as ethanoi, chloroform, tetrahydrof urar, and ^™^;^^^^^f '" ."^^^^^^^^^ ar,d prever,tir.g the occurrence 

The solvent shall not be limited to the above ^'j'^^J; .^^ ^ ^yj, ^ay contain a proper resin and a proper 

of pinholes in any layer, the above ^'''^^^ °' <^'^P?7 °" po^carbonate, polyarylate, poly- 

additive. The resin that can be used includes '^"'^^ "9/!,^';" "^^^^^^ acrylate and cellulose, copolyrriers 

ester, polyamide. polyurethane, ^'^^^^^^^^^^^^^^^^ and etectroconducting polyrr^ers such 

of these, photoconduct^/e resins such as P°'y-;i-^"^yf^^ ^^^n Lioxidant, an ultraviolet absorbent and a plast.cizer. 
as polythiophene and poVpyrrole. The above addrtwe ^ '^t-errii^ layer of an organic EL device. 

photo^^crptor: a photoelectric converter, a solar cell, an image sensor, and the l.ke. 
Examples 

The present invention will be explained more in detail with reference to Exmaples hereinafter. 
Example 1 

o «^ hiciM-naohthvlV1.3.4-oxadiazole and a polycarbonate 

compound (1) in Table 3 as a ''a^^^-^'"'"^ ^^^^^^.f^^t^l we e dissolved in tetrahydrofuran. and the 
resin (Panlite K-1300. supplied by Te.pn Kasei) f^^^f ^ht rat.o of^S^^a we ^ .ght-emitting layer having a 

solution was spin-coated on a cleaned g'^^f^^f ^^^J^.^f. ^^^'1,° trmed thereon from a magnesium/indium alloy 
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Example 2 



compound ,2, « T«„. 3 wa. ..ouu.*po.».d on « *;^rror,^^^^^ 
a r™gne.,>,n;«l... alio, hav.ng a W''"'^*!' « J'^J^ „ a U.lrat. temperature ol room temperature, 
brightness of 800 {cd/m2) and a light emission efficiency of 0.60 Im/W. 



Example 3 



. compound (3) in Table 3 was disso.ed 750^^ 

on a cleaned glass substrate with an TO elect ode '° ^^^"^ ^ '9*^^^^^^^^ an electron-injecting layer having 
aluminum bis(2-methyl-8-qu,nohnate)(2-naphtola^^^^^^^^ 

a thickness of 10 nm. and an electrode having a thickness °< ^ °° device. The light^mitting layer and 

St^srxtrrsxz'^^^^^ 
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Table 4 
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Chemical structure 
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Table 5 (continued) 
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material (Table 
4) 


1 inht-omittinn 
L.iyi 11-91 1 mill ly 

material (Table 
3) 


F- loot rr^n - 

Injecting 
material (Table 
4) 


1 inht omiQQioo 

Liyill ClIIIOOlUII 

brightness (cd/ 
m2) 


iVIdAII 1 lui 1 1 IIVJI 11 

emission 
brightness (cd/ 
m*^) 


MciAirnurri iiyni 

emission 
efficiency (1 m/ 
W) 




40 


(H-1) 


(41) 


(E-2) 


320 


19,600 


2.6 




41 


(H-6) 


(42) 


(E-4) 


770 


45,200 


4.7 


10 


42 


(H-5) 


(43) 


(E-5) 


400 


35.100 


2.9 




43 


(H-2) 


(44) 


(E-1) 


730 


26, 1 00 


2.2 




44 


(H-1) 


(45) 


(E-4) 


550 


41,800 


4.8 


IS 


45 


(H-2) 


(46) 


(E-4) 


440 


29,900 


2.9 


46 


(H-3) 


(47) 


(E-4) 


290 


9,700 


1.6 




47 


(H-6) 


(48) 


(E-4) 


270 


8,100 


2.4 




48 


(H-5) 


(49) 


(E-6) 


690 


15,000 


1.0 


20 


49 


(H-2) 


(50) 


(E-5) 


330 


48,600 


5.1 




50 


(H-3) 


(51) 


(E-6) 


490 


57,300 


6.1 
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(H-6) 


(52) 


(E-5) 


280 


52,800 


5.6 


25 


52 


(H-2) 


(53) 


(E-2) 


290 


41.000 


5.4 


53 


(H-5) 


(54) 


(E-3) 


790 


30,900 


2.5 




54 


(H-3) 


(55) 


(E-4) 


440 


47,800 


3.9 




55 


(H-3) 


(56) 


(E-6) 


280 


47,600 


4.6 


30 


56 


(H-4) 


(57) 


(E-2) 


760 


15,600 


1.4 




57 


(H-1) 


(58) 


(E-2) 


700 


1 9,000 


1.7 




58 


(H-4) 


(59) 


(E-6) 


660 


14,600 


1.8 


35 


59 


(H-3) 


(60) 


(E-4) 


420 


31 .700 


3.7 


60 


(H-3) 


(61) 


(E-5) 


560 


48,900 


4.3 




61 


(H-2) 


(62) 


(E-6) 


600 


44,800 


5.2 




62 


(H-4) 


(63) 


(E-4) 


270 


39,200 


3.7 


40 


63 


(H-5) 


(64) 


(E-2) 


330 


20,700 


1.6 




64 


(H-6) 


(65) 


(E-1) 


690 


7.600 


1.9 




65 


(H-6) 


(66) 


(E-3) 


390 


9,800 


1.6 


45 


66 


(H-5) 


(67) 


(E-1) 


770 


9.200 


1.7 




67 


(H-4) 


(68) 


(E-5) 


660 


9,200 


1.3 




68 


(H-2) 


(69) 


(E-6) 


700 


21 ,000 


2.7 




69 


(H-4) 


(70) 


(E-4) 
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4.6 


SO 


-fr\ 

7U 


(rl-oj 




(b-d) 
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4/^,oUU 


A A 

4.4 
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(H-5) 


(72) 


(E-3) 


660 


29.300 


3.5 




72 


(H-5) 


(73) 


(E-4) 


510 


41,400 


5.1 


55 


73 


(H-1) 


(74) 


(E-2) 


690 


18,400 


1.4 




74 


(H-5) 


(75) 


(E-3) 


370 


8,200 


1.9 




75 


(H-4) 


(76) 


(E-2) 


570 


22,500 


1.6 
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Examples 87 - 90 
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Examples 90 - 94 



An organic EL device was prepared in the same manner as in Example 5 except that the light-emitting layer was 
replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing Compound (27) in Table 3 and one of 
5 Compounds (D-1) to (D-7) in Table 6 in a weight ratio of 100:1. Table 7 shows light emission characteristics of the so- 
obtained devices. All the organic EL devices obtained in these Examples showed high brightness characteristics, or 
a maximum brightness of at least 20,000 (cd/m^), and gave intended light emission colors. 



Example 95 

10 

A hole-injecting material (H-2) was vacuum-deposited on a cleaned glass substrate with an ITO electrode to form 
a hole-injecting layer having a thickness of 30 nm. Then, 4.4'-bis(p.p-dlphenylvinyl)biphenyl and a light-emitting material 
(1) in Table 3 for a light-emitting layer were vacuum-deposited in a weight ratio of 100:5 to form a light-emitting layer 
having a thickness of 30 nm. Further, an electron-injecting material (E-3) was vacuum-deposited to form an electron- 
15 injecting layer having a thickness of 30 nm. Then, an electrode having a thickness of 1 50 nm was formed thereon from 
a magnesium/silver alloy having an magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The device 
showed blue light emission having a brightness of 480 (cd/m^) at a direct current voltage of 5 V, a maximum brightness 
of 28,000 (ccl/m2) and a light emission efficiency of 3.1 Im/W. 

20 Examples 96 - 108 

An organic EL device was prepared In the same manner as In Example 95 except that the light-emitting layer was 
replaced with a 30 nm thick light-emitting layer formed by vacuum-depositing aluminum tris(8-hydroxyquinolinate) and 
one of the light-emitting materials in Table 3 in a weight ratio of 100:3. Table 7 shows light emission characteristics of 
25 the so-obtained devices. All the organic EL devices obtained in these Examples showed high brightness characteristics, 
or a maximum brightness of at least 20,000 (cd/m^). 



Table 7 



Ex. 


Compound (Table 3 or 
6) 


Light emission 
brightness (cd/m^) 


Maximum light emission 
brightness (cd/m^) 


Maximum light emission 
efficiency (1 m/W) 


87 


(D-1) 


720 


78,400 


8.1 


88 


(D-2) 


310 


53,700 


4.5 


89 


(D-3) 


250 


39,800 


4.8 


90 


{D-4) 


830 


37,100 


3.9 


91 


(D-5) 


260 


55,200 


5.2 


92 


(D-6) 


480 


29.200 


2-3 


93 


(D-7) 


800 


37.800 


3.8 


94 


(D-3) 


810 


27.700 


2.4 


96 


(2) 


390 


58,000 


6.2 


97 


(4) 


250 


29,600 


3.4 


98 


(14) 


220 


61 ,800 


5.1 


99 


(15) 


160 


54,400 


3.7 


100 


(23) 


240 


46,700 


3.8 


101 


(36) 


870 


55.200 


5.9 


102 


(41) 
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aoni or a suWMed o, non-s.bslM.d div.ten, *V* „ „o„^*.l»uted alkyl 

they are attached, form a cyclic moiety, 
provided that A is not a group of formula [2] or [3] 




[21 



wherein E is a hydrogen atom or any 



adjacent two E's may bond to each other to form a six-membered ring. 




[3] 



A compound according to claim 1 , wherein each of Ar^ to Ar^ represent a 1 .4 d^^alent phenyl rTK,iety. 
A compound of formula [5] suitable for use In an organic electroluminescence device, 
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